Metal-directed condensation reactions involving amines and formaldehyde have been utilized for the preparation of various polyaza macrocyclic compounds containing N-CH 2 -N linkages. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] For instance, the square-planar complexes [M (C) ] 2+ and [M(D)] 2+ (M = Cu(II) or Ni(II)) with a 5-6-5-6 chelate ring sequence have been prepared by the reaction (Eq. (1) or (2)) of formaldehyde with one kind of linear triamine (N-(3-aminopropyl)-ethylenediamine or diethylenetriamine) in the presence of the metal ion. 6, 7 The hexaaza macrotricyclic ligands C and D contain two additional -(CH 2 ) 3 -or -(CH 2 ) 2 -chains that link the nitrogen atoms of the N-CH 2 -N linkages. It has been revealed that [M(C)]
2+ and [M(D)]
2+ do not react with further formaldehyde and are quite inert against decomposition even in low pH. The reaction of bis(3-aminopropyl)amine with excess formaldehyde in the presence of copper(II) or nickel(II) ion has been known to produce the metal-free macropolycyclic compound [F] 2+ (Eq. (3)), instead of [M(E)]
2+
. 8 
This is attributed to the instability of [M(E)]
2+ with a 6-6-6-6 chelate ring sequence; although the reaction initially produces [M(E)] 2+ as an intermediate, the complex reacts with additional formaldehyde to produce [F] 2+ . 8 In a previous paper, we reported the preparation of two new square-planar complexes [Cu(G)] 2+ and [Cu(H)] 2+ with a 5-6-6-6 chelate ring sequence from the reactions of Eqs. (4) and (5). 9 Although the complexes do not react with additional formaldehyde, they are decomposed in low pH. Interestingly, the decomposition rate of [Cu(H) 
In this work, we attempted the one-pot metal-directed Notes condensation reactions (Eqs. (6) and (7) ]heneicosane). To a methanol solution (ca. 30 mL) of Cu(OAc) 2 ·H 2 O (2.0 g, 10 mmol) were added 97% N-(3-aminopropyl)ethylenediamine (1.8 mL, 12 mmol) and 97% bis(3-aminopropyl)amine (1.0 mL, 7.7 mmol). The solution was stirred at room temperature for 30 min. After the addition of 35% formaldehyde (4.7 mL, 60 mmol), the mixture was stirred for ca. 2 h at room temperature. The resulting solution was further stirred at ca. 50 o C for 12 h. An excess amount of NaClO 4 was added to the solution, and the mixture was stored at room temperature to produce a blue-purple solid. The crude product often contains a small amount (< 5%) of [Cu ( To a methanol solution (ca. 30 mL) of Cu(OAc) 2 ·H 2 O (2.0 g, 10 mmol) were added 97% diethylenediamine (1.0 mL, 8.9 mmol) and bis(3-aminopropyl)amine (1.8 mL, 12 mmol). The solution was stirred at room temperature for 20 min. After the addition of 35% formaldehyde (4.7 mL, 60 mmol), the mixture was stirred for ca. 2 h at room temperature. The resulting solution was further stirred at ca. 50 o C for 12 h. An excess amount of NaClO 4 was added to the solution, and the mixture was stored at room temperature to produce a bluepurple solid. The crude product often contains a small Table 1 . Intensity data were collected with CAD4 diffractometer using monochromated Mo Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods and refined by full-matrix leastsquares methods based on F 2 using SHELXS-97 and SHELXL-97. 13 Non hydrogen atoms were refined anisotropically except disordered oxygen atoms at ClO 4 anions and 2 carbon atoms at the ligand which were refined isotropically. All hydrogen atoms were placed in calculated positions and refined using a riding model.
Results and Discussion
Synthesis. As expected from the reactions of Eqs. (1) The macrotricyclic complex [Cu(B)](ClO 4 ) 2 was also prepared as the major product by a similar reaction employing a 1:0.9:1.2 molar mixture of copper(II) ion, diethylenetriamine, and bis(3-aminopropyl)amine. The preparation of nickel(II) complexes of A and B was also attempted from the similar one-pot reactions in the presence of nickel(II) ion, instead of copper(II) ion, but failed. In each attempt, only [Ni(C)](ClO 4 ) 2 (or [Ni(D)](ClO 4 ) 2 ) and [F](ClO 4 ) 2 could be isolated. This indicates that the condensation to give A or B is strongly influenced by the nature of the metal ion. Polyaza macrocyclic nickel(II) and copper(II) complexes with a 5-6-6-6 chelate ring sequence are less stable than those with a 5-6-5-6 chelate ring sequence. 9, 11, 12, 14 with a 5-6-6-6 chelate ring sequence may be the relatively strong Lewis acidity (Cu(II) > Ni(II)) of the metal ion; the copper(II) ion stabilizes the coordinated secondary nitrogen atoms of N-CH 2 -N linkages in the complexes. (6) angles (92.6(2) with a 5-6-6-6 chelate ring sequence. 7, 9, 15, 16 Unexpectedly, (ClO4)2). Thermal ellipsoids are drawn to include 40% probability. H atoms attached to the carbons are omitted for clarity. were not available and, therefore, the reasons for such kinetic behaviors of the copper(II) complexes were not thoroughly investigated. However, the relatively slow decomposition of [Cu(A)](ClO 4 ) 2 and [Cu(G)](ClO 4 ) 2 supports the suggestion that one of the factors affecting the reaction rate is the "I-strain" of the 1,3-diazacycloalkane ring involving the -(CH 2 ) n -chain. 17 According to the "Istrain", the proton affinity of the nitrogen atoms in the 1,3-diazacyclohexane ring (A and G) is expected to be weaker than that in the 1,3-diazacyclopentane ring (H). 2+ with a 5-6-6-6 chelate ring sequence were prepared as the major product by the metal-template condensation of formaldehyde and two different triamines. The ligand field strength and chemical properties of the copper(II) complexes are strongly influenced by the position and the length of the additional -(CH 2 ) n -linkages. This work also supports the suggestion that the decomposition rate of the copper(II) complexes is not directly influenced by the strength of Cu-N interactions but is intimately related to the "I-strain" of the 1,3-diazacycloalkane ring involving the -(CH 2 ) 2 -or -(CH 2 ) 3 -chain. 
